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Description 
MIXED-MODE PROCESS 

Background of Invention 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a mixed-mode process, 
and more particularly, to a double poly mixed-mode pro- 
cess for forming amixed-signal circuit embedded with a 
high resistance (HR) resistor. 

[0003] 2. Description of the Prior Art 

[0004] In a semiconductor process, polysilicon is often posi- 
tioned to function as resistors capable of providing vari- 
ous resistance values. High resistance resistors, which are 
widely used in the SRAM, analog, digital/analog mixed- 
mode, and radio frequency circuit designs, attract many 
major manufacturers to devote themselves in developing. 
When load transistors of a static random access memory 
(SRAM) is replaced by polysilicon resistors, the number of 
transistors in the SRAM can be reduced and thus saves 
cost and enhance the integration of the SRAM. Only when 



the polysilicon resistor is capable of providing a uniform 
and stable value of high resistance, the requirements for 
various circuit designs can be satisfied and to be carried 
out. 

[0005] Please refer to Fig.l to Fig. 7. Fig.l to Fig. 7 are schematic 
diagrams illustrating a mixed-mode process according to 
the prior art method. As shown in Fig.l, a semiconductor 
substrate 10 is provided first. The semiconductor sub- 
strate 10 has a surface comprising at least a first conduc- 
tive region 12, at least a second conductive region 14, at 
least a metal-oxide-semiconductor (MOS) transistor re- 
gion 16, and at least a capacitor region 18. Either portions 
of the surface of the semiconductor substrate 10 within 
the first conductive region 12, the second conductive re- 
gion 14, or the capacitor region 18 further comprises a 
field oxide layer 22. 

[0006] As shown in Fig. 2, a gate oxide layer 24 and a first 

polysilicon layer 26are sequentially formed on the semi- 
conductor substrate 10. The gate oxide layer 24 is formed 
by performing a thermal oxidation process, and the first 
polysilicon layer 26 is a doped polysilicon layer or an un- 
doped polysilicon layer followed by an implantation pro- 
cess. In addition, a silicide layer (not shown) is optionally 



formed on the first polysilicon layer 26. The silicide layer 
(not shown), composed of tungsten silicide (WSi^, where 
x= 2.2~2.3), is formed by performing a sputtering pro- 
cess and a rapid thermal process (RTP). For simplicity of 
description, steps employed to form the silicide layer (not 
shown) are neglected.The silicide layer (not shown) is also 
regarded as a polycide layer because there is come reac- 
tion between the first polysilicon layer 26 and the silicide 
layer (not shown). 
[0007] As shown in Fig. 3, a first photo-etching-process (PEP) is 
performed to remove portions of the silicide layer (not 
shown) and the first polysilicon layer 26 to simultaneously 
form a bottom electrode plate 32 of a capacitor (not 
shown) and a gate 34 of a MOS transistor (not shown) re- 
spectively within the capacitor region 18 and the MOS 
transistor region 16. After that, an interpolysilicon oxide 
(IPO) layer 36 and a second polysilicon layer 38 are se- 
quentially formed on the semiconductor substrate 10 to 
cover the bottom electrode plate 32 of the capacitor (not 
shown) and the gate 34 of the MOS transistor (not shown). 
The second polysilicon layer 38 may be formed by a de- 
position process followed by an ion implantation process, 
or be formed by an in-situ doped chemical vapor deposi- 



tion (CVD) process. The dopants utilized in the ion im- 
plantation process may be N-type dopants, such as ar- 
senic or phosphorus, or P-type dopants, such as boron. 
When the dopants are N-type, the dosage of the ion im- 
plantation process is approximately 10^'^~^^atoms/cm^. 
When the dopants are P-type, the dosage of the ion im- 
plantation process is approximately 10^^~^^ atoms/ cm^. 
If the second polysilicon layer 38 is formed by an in-situ 
doped chemical vapor deposition process, a mixing gas 
containingphosphine(PHp or arsine (AsH^) or diborane (B 
^Hg), silane (SiH^), and nitrogen (N^) is added into the re- 
action chamber to form the doped second polysilicon 
layer 38 in one step to achieve the equivalent result. 
Therefore, the second polysilicon layer 38 is doped with 
N-type dopants or P-type dopants. 
[0008] As shown in Fig. 4, a second PEP is performed to remove 
portions of the second polysilicon layer 38 by utilizing the 
IPO layer 36 as a stop layer, to simultaneously form a first 
conductive wire 42, a second conductive wire 44, and a 
top electrode plate 46 of the capacitor (not shown) re- 
spectively within the first conductive region 12, the sec- 
ond conductive region 14, and the capacitor region 18. 
The IPO layer 36 not between the bottom electrode plate 



32 and the top electrode plate 46, not below the first con- 
ductive wire 42 and the second conductive wire 44 is 
thereafter removed by a wet dip process, and the IPO layer 
36 between the bottom electrode plate 32 and the top 
electrode plate 46 is employed as a capacitor dielectric 
layer 48 of the capacitor 52, as shown in Fig.S.The con- 
ductive wires 42, 44 are optionally employed as resistors 
of the integration circuits depending on the layout of the 
integration circuits. 
[0009] A dielectric layer (not shown), composed of tetra- 

ethyloxysilane (TEOS), is formed on the semiconductor 
substrate 10 to cover the first conductive wire 42, the 
second conductive wire 44, the gate 34, and the capacitor 
52. By using surfaces of the field oxide layers 22 and the 
gate oxide layer 24 as a stop layer, a first etching process 
is performed to remove portions of the dielectric layer 
(not shown) to form a spacer 54 on either sides of the first 
conductive wire 42, a spacer 56 on either sides of the 
second conductive wire 44, a spacer 58 on either sides of 
the gate 34 of the MOS transistor (not shown), a spacer 62 
on one side of the capacitor 52, and spacers 64, 66 on 
another side of the capacitor 52. It is worth noting that 
the spacers 64, 66 at one side of the capacitor 52 has a 



different shape from the other spacers 54, 56, 58, 62 ow- 
ing to the unequal widths of the bottom electrode plate 
32 and the top electrode plate 46 of the capacitor 52. In 
addition, an ion implantation process may be performed 
to form a lightly doped drain (LDD, not shown) in portions 
of the semiconductor substrate 10 adjacent to either sides 
of the gate 34 before the spacers 54, 56, 58, 62, 64, 66 
are formed. 

[0010] As shown in Fig. 6, a high resistance (HR) mask 72 is then 
formed on the semiconductor substrate 10. The HR mask 
72 covers the capacitor 52, the first conductive wire 42, 
the gate 34 of the MOS transistor (not shown), and ex- 
poses the second conductive wire 44. After that, a first ion 
implantation process is performed to dope the second 
conductive wire 44 with dopants having an opposite type 
to the dopants used in doping the second polysilicon layer 
38. That means, the second conductive wire 44 is doped 
with P-type dopants, such as boron, or N-type dopants, 
such as arsenic or phosphorus, when the dopants used in 
doping the second polysilicon layer 38 are N-type or P- 
type, respectively. The first ion implantation process is 
thus called a high resistance implantation process. When 
the dopants are P-type, the dosage of the first ion im- 



plantation process is approximately 10 atoms/cm . 
When the dopants are N-type, the dosage of the first ion 
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implantation process is approximately 10 ~ atoms/cm . 

[001 1] No matter what type of dopant is utilized to dope the sec- 
ond polysilicon layer 38, the resultant dopant concentra- 
tion is high. It is obvious that the dopant concentration 
achieved by the first ion implantation process is lower 
than the dopant concentration in the second polysilicon 
layer 38. Therefore, some of the dopants which already 
exist in the second conductive wire 44 are neutralized by 
the opposite type dopants doped by the first ion implan- 
tation process, and the not neutralized dopants in the 
second conductive wire 44 directly contribute to the resis- 
tance of the second conductive wire 46 to form a high re- 
sistance resistor. In contrast with the second conductive 
wire 44, the first conductive wire 42 which is not doped 
with opposite dopants is a low resistance resistor. 

[0012] As shown in Fig. 7, the HR mask 72 is removed. After that, 
a source 74 and a drain 76 of the MOS transistor 78 are 
formed in portions of the semiconductor substrate 10 ad- 
jacent to but not contiguous to either sides of the gate 34, 
by performing a second implantation process, to complete 
the fabricating of the MOS transistor 78. 



[0013] However, the dosage and/or implant energy of the high 
resistance implantation process reach a saturation status. 
That means, the resistance value of the high resistance 
resistor formed according to the prior art mixed-mode 
process can only reach to the order of thousands order 
since the neutralization ability of the high resistance im- 
plantation process is limited. In the modern electrical in- 
dustry, such a resistance value is not high enough so that 
resistors having such a resistance value cannot fulfill the 
requirements for modern circuit designs. Moreover, the 
high dosage and/or implant energy of the high resistance 
implantation process tend to cause processing problems. 
Therefore, it is very important to develop a mixed-mode 
process to form the polysilicon resistor having a uniform 
and stable value of high resistance. At the same time, the 
new developed mixed-mode process should not add 
complexity to processing and costto products due to any 

extra photolithography steps. 
Summary of Invention 

[0014] It js therefore a primary object of the present invention to 
provide a mixed-mode process for integration circuits (IC) 
to form the polysilicon resistor having a uniform and sta- 
ble value of high resistance to revolve the above- 



mentioned problems. 

[0015] According to the claimed invention, a mixed-mode pro- 
cess for integration circuits comprises to provide a semi- 
conductor substrate first. A surface of the semiconductor 
substrate comprises at least a first conductor formed in a 
first conductive region, at least a second conductor 
formed in a second conductive region, at least a metal- 
oxide-semiconductor (MOS) transistor formed in a MOS 
transistor region, and at least a capacitor formed in a ca- 
pacitor region. A mask is then formed on the semicon- 
ductor substrate to cover the MOS transistor, the first 
conductor, and the capacitor and to expose the second 
conductor. A first etching process is thereafter performed 
to remove a specific thickness of the second conductor. 
Finally, a first ion implantation process is performed to 
dope the second conductor with first type dopants. 

[0016] It is an advantage of the present invention that the 

present invention provides a mixed-mode process to re- 
move a specific thickness of the second conductive wire 
without adding any mask and photolithography step. 
Therefore, the thickness of the second conductive wire 
becomes smaller, leading to a smaller cross-section area 
of the second conductive wire. As a result, the second 



conductive wire becomes a resistor liaving a liigli resis- 
tance value. By adjusting tlie final thickness of the second 
conductive wire in conjunction with the dosage and/or 
implant energy of the high resistance implantation pro- 
cess, the ideal resistance value can be achieved. Accord- 
ing to the present invention mixed-mode process, a high 
resistance resistor having a double or even higher resis- 
tance value of that of the prior art is fabricated, even 
though the HR implantation process cannot effectively 
neutralize the dopants already existing in the second con- 
ductive wire. Furthermore, the dosage and/or the implant 
energy of the HR implantation process can be reduced to 
avoid processing problems caused by high implant dosage 
and high implant energy. 
[0017] These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art 
after reading the following detailed description of the pre- 
ferred embodiment, which is illustrated in the multiple 

figures and drawings. 
Brief Description of Drawings 

[0018] Fig,i to Fig. 7 are schematic diagrams illustrating a 

mixed-mode process according to the prior art method. 
[0019] Fig. 8 to Fig. 14 are schematic diagrams illustrating a 



mixed-mode process according to a first preferred em- 
bodiment of the present invention metliod. 
[0020] Fig. 15 to Fig. 16 are scliematic diagrams illustrating a 
mixed-mode process according to a second preferred 

embodiment of tlie present invention metliod. 
Detailed Description 

[0021] Please refer to Fig. 8 to Fig. 14. Fig. 8 to Fig. 14 are 

schematic diagrams illustrating a mixed-mode process 
according to a first preferred embodiment of the present 
invention method. As shown in Fig. 8, a semiconductor 
substrate 100 is provided first. The semiconductor sub- 
strate 100 has a surface comprising at least a first con- 
ductive region 102, at least a second conductive region 
104, at least a metal-oxide-semiconductor (MOS) transis- 
tor region 106, and at least a capacitor region 108. Either 
portions of the surface of the semiconductor substrate 
100 within the first conductive region 102, the second 
conductive region 104, or the capacitor region 108 further 
comprises a field oxide layer 112. 

[0022] As shown in Fig. 9, a gate oxide layer 114 and a first 

polysilicon layer 116are sequentially formed on the semi- 
conductor substrate 100. The gate oxide layer 114 is 
formed by performing a thermal oxidation process, and 



the first polysilicon layer 116 is a doped polysilicon layer 
or an undoped polysilicon layer followed by an ionimplan- 
tation process. In addition, a silicide layer (not shown) is 
optionally formed on the first polysilicon layer 116. The 
silicide layer (not shown), composed of tungsten silicide 
(WSi , where x= 2.2~2.3), is formed by performing a 
sputtering process follow by a rapid thermal process 
(RTP). For simplicity of description, steps employed to 
form the silicide layer (not shown) are neglected.The sili- 
cide layer (not shown) is thus called a polycide layer owing 
to the reaction between the silicide layer (not shown) and 
the first polysilicon layer 116. 
[0023] As shown in Fig. 10, a first photo-etching-process (PEP) is 
performed to remove portions of the silicide layer (not 
shown) and the first polysilicon layer 116 to simultane- 
ously form a bottom electrode plate 122 of a capacitor 
(not shown) and a gate 124 of a MOS transistor (not 
shown) respectively within the capacitor region 108 and 
the MOS transistor region 106. After that, an inter polysil- 
icon oxide (IPO) layer 126 and a second polysilicon layer 
128 are sequentially formed on the semiconductor sub- 
strate 100 to cover the bottom electrode plate 122 of the 
capacitor (not shown) and the gate 124 of the MOS tran- 



sistor (not shown). The second polysilicon layer 128 may 
be formed by a deposition process followed by an ion im- 
plantation process, or be formed by an in-situ doped 
chemical vapor deposition process. The dopants utilized 
in the ion implantation process may be N-type dopants, 
such as arsenic or phosphorus, or P-type dopnats, such 
as boron. When the dopants are N-type, the dosage of the 
ion implantation process is approximately 10^'^~^^ atoms/ 

2 

cm . When the dopants are P-type, the dosage of the ion 
implantation process is approximately 10^^~^^ atoms/cm 

2 

. If the second polysilicon layer 128 is formed by an in- 
situ doped chemical vapor deposition process, a mixing 
gas containingphosphine(PH^) or arsine (AsH^) or dibo- 
rane (B^H^), silane (SiH^), and nitrogen (N^) is added into 
the reaction chamber to form the doped second polysili- 
con layer 128 in one step such that equivalent result is 
achieved. Therefore, the second polysilicon layer 128 is 
doped with N-type dopants or P-type dopants. 
[0024] As shown in Fig. 11, a second PEP is performed to remove 
portions of the second polysilicon layer 128 by utilizing 
the IPO layer 126 as a stop layer, to simultaneously form a 
first conductive wire 132, a second conductive wire 134, 
and a top electrode plate 136 of the capacitor (not shown) 



respectively within tlie first conductive region 102, tlie 
second conductive region 104, and the capacitor region 
108. The IPO layer 126 not between the bottom electrode 
plate 122 and the top electrode plate 136, and not below 
the first conductive wire 132 and the second conductive 
wire 134 is thereafter removed by a wet dip process, and 
the IPO layer 126 between the bottom electrode plate 122 
and the top electrode plate 136 is employed as a capacitor 
dielectric layer 138 of the capacitor 142, as shown in 
Fig.l2.The conductive wires 132, 134 are optionally em- 
ployed as resistors of the integration circuits depending 
on the layout of the integration circuits. 
[0025] A dielectric layer (not shown), composed tetra- 

ethyloxysilane (TEOS), is formed on the semiconductor 
substrate 100 to cover the first conductive wire 132, the 
second conductive wire 134, the gate 124, and the capac- 
itor 142. By using surfaces of the field oxide layers 112 
and the gate oxide layer 114 as a stop layer, a first etch- 
ing process is performed to remove portions of the di- 
electric layer (not shown) to form a spacer 144 on either 
sides of the first conductive wire 132, a spacer 146 on ei- 
ther sides of the second conductive wire 134, a spacer 
148 on either sides of the gate 124 of the MOS transistor 



(not shown), a spacer 152 on one side of the capacitor 
142, and spacers 154, 156 on another side of the capaci- 
tor 142. it is worth noting that the spacers 154, 156 at 
one side of the capacitor 142 has a different shape from 
the other spacers 144, 146, 148, 152 owing to the un- 
equal widths of the bottom electrode plate 122 and the 
top electrode plate 136 of the capacitor 142. In addition, 
an ion implantation process may be performed to form a 
lightly doped drain (LDD, not shown) in portions of the 
semiconductor substrate 100 adjacent to either sides of 
the gate 124 before the spacers 144, 146, 148, 152, 154, 
156 are formed. 
[0026] As shown in Fig. 13, a high resistance (HR) mask 162 is 

then formed on the semiconductor substrate 100. The HR 
mask 162 covers the capacitor 142, the first conductive 
wire 132, the gate 124 of the MOS transistor (not shown), 
and exposes the second conductive wire 134. After that, a 
second etching process is performed to remove a specific 
thickness of the second conductive wire 134. The method 
for controlling the end of the second etching process 
comprises using a time mode or an endpoint mode. A first 
ion implantation process is thereafter performed to dope 
the second conductive wire 134 with dopants having an 



opposite type to the dopants used in doping tlie second 
polysilicon layer 128. Tliat means, tlie second conductive 
wire 134 is doped witli P-type dopants, such as boron, or 
N-type dopants, such as arsenic or phosphorus, when the 
dopants used in doping the second polysilicon layer 128 
are N-type or P-type, respectively. The first ion implanta- 
tion process is thus called a high resistance implantation 
process. When the dopants are P-type, the dosage of the 
first ion implantation process is approximately 10^^~^^ 

2 

atoms/cm . When the dopants are N-type, the dosage of 
the first ion implantation process is approximately 10^^~^^ 
atoms/cm^ 

[0027] Because the specific thickness of the second conductive 
wire 134 is removed by the second etching process, the 
second conductive wire 134 becomes thinner. When a 
thickness of the second conductive wire 134 is smaller, 
the cross-section area of the second conductive wire 134 
becomes smaller too. Since the resistance value of a resis- 
tor is defined as: 

[0028] RaL/A 

[0029] Where R is the resistance value of the resistor 
[0030] L is the length of the resistor 



[0031] A is the cross-section area of tlie resistor 

[0032] a resistor liaving a liigli resistance value is thus formed. It 
is worth noting that the thinner the second conductive 
wire 134 is, the smaller the cross-section area of the sec- 
ond conductive wire 134 is to result in a higher resistance 
value. 

[0033] As shown in Fig. 14, the HR mask 162 is removed. After 
that, a source 164 and a drain 166 of the MOS transistor 
168 are formed in portions of the semiconductor sub- 
strate 100 adjacent to but not contiguous to either sides 
of the gate 124, by performing a second implantation 
process, to complete the fabricating of the MOS transistor 
168. 

[0034] Actually, the sequence of the etching process for remov- 
ing a specific thickness of the second polysilicon layer and 
the HR implantation process may be exchanged. Please 
refer to Fig. 15 to Fig. 16. Fig. 15 to Fig. 16 are schematic 
diagrams illustrating a mixed-mode process according to 
a second preferred embodiment of the present invention 
method. Since the process steps before the formation of 
the HR mask in this preferred embodiment is the same as 
those in the first preferred embodiment, they are not 
mentioned redundantly. As shown in Fig. 15, a high resis- 



tance mask 262 is formed on the semiconductor substrate 
200. Tlie HR masic 262 covers the capacitor 242, the first 
conductive wire 232, the gate 224 of the MOS transistor 
(not shown), and exposes the second conductive wire 234. 
A first ion implantation process is thereafter performed to 
dope the second conductive wire 234 with dopants having 
an opposite type to the dopants used to dope the second 
polysilicon layer (not shown), and the second conductive 
wire 234 is formed by etching the second polysilcion layer 
(not shown). That means, the second conductive wire 234 
is doped with P-type dopants, such as boron, or N-type 
dopants, such as arsenic or phosphorus, when the 
dopants used in doping the second polysilicon layer (not 
shown) are N-type or P-type, respectively. The first ion 
implantation process is thus called a high resistance im- 
plantation process. When the dopants are P-type, the 
dosage of the first ion implantation process is approxi- 
mately 10 ~ atoms/cm . When the dopants are N-type, 
the dosage of the first ion implantation process is ap- 
proximately 10^^~"^^ atoms/cm^. 
[0035] After that, a second etching process is performed to re- 
move a specific thickness of the second conductive wire 
234, as shown in Fig.l6.The method for controlling the 



end of the second etching process comprises using a time 
mode or an endpoint mode. Since the specific thickness of 
the second conductive wire 234 is removed by the second 
etching process, the second conductive wire 234 becomes 
thinner. When a thicl<ness of the second conductive wire 
234 is smaller, the cross-section area of the second con- 
ductive wire 234 becomes smaller too. Therefore, a resis- 
tor having a high resistance value is thus formed. The HR 
mask 262 is then removed and a source and a drain of the 
MOS transistor are formed (not shown in Fig. 16). 

[0036] According to the present invention mixed-mode process, 
a specific thickness of the second conductive wire is re- 
moved by utilizing the HR mask as a mask. Therefore, the 
cross-section area of the second conductive wire becomes 
smaller to result in a resistor having an obviously higher 
resistance value without adding any mask and pho- 
tolithography step. When applying the present invention 
mixed-mode process to a practical production line, resis- 
tors being able to fulfill the requirements for various 
modern circuit designs are fabricated. In addition, the 
process complexity is not increased. The cost is not lifted. 

[0037] In comparison with the prior art, the present invention 
provides a mixed-mode process to remove a specific 



thickness of the second conductive wire without adding 
any masl< and photolithography step. The thicl<ness of the 
second conductive wire thus becomes smaller, leading to 
a smaller cross-section area of the second conductive 
wire. As a result, the second conductive wire becomes a 
resistor having a high resistance value. By adjusting the 
final thickness of the second conductive wire in conjunc- 
tion with the dosage and/or implant energy of the high 
resistance implantation process, the ideal resistance value 
can be achieved. According to the present invention 
mixed-mode process, a high resistance resistor having a 
double or even higher resistance value of that of the prior 
art is fabricated, although the HR implantation process 
cannot effectively neutralize the dopants already existing 
in the second conductive wire. In addition, the dosage 
and/or the implant energy of the HR implantation process 
can be reduced to avoid processing problems caused by 
high implant dosage and high implant energy. 
[0038] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bound of the appended claims. 



